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(57) ABSTRACT

Provided 1s a thin film device and an associated method of
making a thin film device. For example, a thin film transistor
with nano-gaps in the gate electrode. The method 1nvolves
providing a substrate. Upon the substrate are then provided
a plurality of parallel spaced electrically conductive strips. A
plurality of thin film device layers are then deposited upon
the conductive strips. A 3D structure 1s provided upon the
plurality of thin film device layers, the structure having a
plurality of different heights. The 3D structure and the
plurality of thin film device layers are then etched to define
a thin film device, such as for example a thin film transistor
that 1s disposed above at least a portion of the conductive
strips.

26 Claims, 19 Drawing Sheets
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STRUCTURE AND METHOD FOR THIN
FILM DEVICE

FIELD OF THE INVENTION

The present mvention relates generally to the field of
forming semiconductor devices and, in particular, to a
structure and method of forming a thin film device such as
a thin film bottom gate thin film transistor.

BACKGROUND

Socially and professionally, most people rely upon video
displays in one form or another for at least a portion of their
work and/or recreation. With a growing demand for large
screens and high definition television (HDTV), cathode ray
tubes (CRTs) have largely given way to displays composed
of liquid crystal devices (LCDs), light emitting diodes
(LEDs), plasma display panels (PDPs), or front or rear
projection systems.

A CRT operates by a scanning electron beam exciting
phosphorous-based materials on the back side of a transpar-
ent screen, wherein the intensity of each pixel 1s commonly
tied to the intensity of the electron beam. With an LED and
plasma display, each pixel 1s an individual light-emitting
device capable of generating its own light. With an LCD
display, each pixel 1s a transient light-emitting device,
individually adjusted to permit light to shine through or
reflect through the pixel by altering the polarization of the
transmitted or reflected light.

As LCD, plasma and LED screens do not utilize a large
tube, as 1n a CRT, LCD, plasma and LED screens may be
quite thin and, 1n many cases, are lighter than comparable
CRT displays. As such, large and small flat screen displays
can be provided to improve the portability of laptop com-
puters, video displays 1n vehicles and airplanes, and infor-
mation displays that are mounted or set in eye-catching
locations.

A plurality of thin film devices, such as transistors, are
typically incorporated into the screens of such flat screen
devices as LCD, plasma and LED displays. Specifically, one
or more transistors are commonly used to control the behav-
1ior of each pixel within the display. The individual nature of
cach pixel of an LED, plasma or LCD display introduces the
possibility that each pixel may provide a different quantity
of light. One pixel may be brighter or darker than another,
a difference that may be quite apparent to the viewer.

As a flat screen display may incorporate hundreds of
thousands of transistors, great care 1s generally applied in the
tabrication of LED, plasma and LCD displays 1n an attempt
to ensure that the pixels (and more specifically, the back-
plane transistors controlling the pixels) are as uniform and
consistently alike as 1s possible. Frequently, especially with
large displays, quality control measures discard a high
percentage of displays before they are fully assembled. As
such, displays are generally more expensive than they oth-
erwise might be, as the manufacturers must recoup the costs
for resources, time and precise tooling for both the accept-
able displays and the unacceptable displays.

Traditionally, thin film devices have been formed through
processes such as photolithography. In a photolithographic
process, a substrate 1s provided and at least one material
layer 1s uniformly deposited upon the substrate. A photo-
resist layer, also commonly known simply as a photoresist,
or even a resist, 15 deposited upon the material layer,
typically by a spin coating machine. A mask 1s then placed
over the photoresist and light, typically ultra-violet (UV)
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2

light, 1s applied through the mask to expose portions of the
photoresist. During the process of exposure, the photoresist
undergoes a chemical reaction. Generally, the photoresist
will react 1n one of two ways.

With a positive photoresist, UV light changes the chemi-
cal structure of the photoresist so that 1t 1s soluble 1 a
developer. What “shows™ therefore goes, and the mask
provides a copy of the patterns which are to remain—such
as, for example, the trace lines of a circuit. Photolithography
may also be considered a 2D process, in that each layer of
material 1s deposited and then masked. Although 3D struc-
ture may be created by stacking layers patterned via the 2D
process, there 1s no 1nherent alignment feature between the
layers.

A negative photoresist behaves i the opposite manner—
the UV exposure causes 1t to polymerize and not dissolve in
the presence of a developer. As such, the mask 1s a photo-
graphic negative of the pattern to be leit. Following the
developing with either a negative or positive photoresist,
blocks of photoresist remain. These blocks may be used to
protect portions of the original material layer, or serve as
1solators or other components.

Very commonly, these blocks serve as templates during an
etching process, wherein the exposed portions of the mate-
rial layer are removed, such as, for example, to establish a
plurality of conductive rows.

The process may be repeated several times to provide the
desired thin film devices. As such, new material layers are
set down on layers that have undergone processing. Such
processing may inadvertently leave surface defects and/or
unintended contaminant particles in the prior layers.

With respect to transistors, there are two types—bottom-
gate transistors and top gate transistors. Bottom-gate tran-
sistors ncorporating amorphous silicon are generally more
desirable then top gate amorphous silicon transistors. This 1s
due 1n part to better device performance in terms of a higher
clectron field effect mobility and a lower ofl-state leakage
current.

Although desirable, the fabrication of bottom-gate amor-
phous silicon transistors requires precise alignment between
source/drain contacts and the gate electrode. In a typical
bottom-gate transistor structure, a metal gate material 1s
formed on a substrate. A desired gate electrode 1s then
formed by a conventional photolithographic process.

Summarized, a dielectric layer 1s formed over the gate
metal, and a layer of active material in which a channel will
be formed 1s deposited over the dielectric layer. In many
instances a contact layer, such as, for example, a-Si1:H doped
to be N+, 1s deposited over the dielectric layer prior to the
deposition of a top metal layer.

Lithography, or a stmilar process, and subsequent etching
processes are then employed to remove a section of the top
metal layer and contact layer (if provided), lying roughly
over the gate metal. This removal forms the gate and drain
contact electrodes. Since photolithography and etching pro-
cesses may introduce at least 1y alignment error, there are
overlaps between source/drain contacts and the gate elec-
trode by design, to ensure the electrical continuity between
the source and drain when the TFT channel 1s at an on state.

While leaving the overlaps alleviates the alignment prob-
lem, there are several drawbacks and therefore reasons to
minimize the amount of overlap. For example, the overlap
causes the channel to be longer than otherwise would be
necessary, which in turn limits the reduction in size of the
overall structure. The TFT source to drain current 1s pro-
portional to the ratio of the channel width to the channel
length. Reducing the overlaps shrinks the length of the
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transistor, and thus provides more room for other compo-
nents that may be required for an eventual device.

Furthermore, and perhaps most importantly, parasitic
capacitance 1s established between the source/drain elec-
trode material and the gate material 1n the areas of overlap.
This parasitic capacitance results 1n feed-through voltage.
When the TF'T 1s incorporated into a display backplane to
control a display pixel, this may result in 1nadvertent turning
on of the pixel. This uncontrolled behavior results 1n 1mage
flicker (inaccuracy in the Ofl-to-On transition of the TFT),
and sticking (1inaccuracy in the On-to-Off transition of the
TFT) 1n the case of a display device. In the case of a sensor
device, parasitic capacitance results 1n readout noise.

Further, due to variations 1n the substrate, resolution of the
lithography, alignment of the lithographic mask and other
tactors, the overlap may vary from TFT to TFT 1n an array.
Such variance thus permits a varniance 1n feed-through
voltage from TFT to TF'T. More simply stated, the plurality
of TF'Ts in the array will have a range of different perfor-
mance factors.

Photolithography 1s a precise process applied to small
substrates. In part, this small-scale application 1s due to the
high cost of the photo masks. For the fabrication of larger
devices, typically, rather than employing a larger and even
more costly photo mask, a smaller mask 1s repeatedly
used—a process that requires precise alignment.

As a photolithographic process typically involves mul-
tiple applications ol materials, repeated masking and etch-
ing, 1ssues ol alignment between the thin film layers 1s of
high 1mportance. A photolithographic process i1s not well
suited for formation of thin film devices on flexible sub-
strates, where expansion, contraction or compression of the
substrate may result 1 significant misalignment between
material layers, thereby leading to inoperable thin film
devices. In addition, a flexible substrate 1s not flat—it 1s
dificult to hold flat during the imprinting process and
thickness and surface roughness typically cannot be con-
trolled as well as with glass or other non-flexible substrates.

The 1ssue of tlatness 1n photolithography can be a problem
because the mmimum feature size that can be produced by
a given 1maging system 1s proportional to the wavelength of
the 1llumination divided by the numerical aperture of the
imaging system. However, the depth of field of the imaging
system 1s proportional to the wavelength of the 1llumination
divided by the square of the numerical aperture. Therefore,
as resolution 1s increased, the flatness of the substrate
quickly becomes the critical 1ssue.

With respect to the tlat screen displays introduced above,
use of tlexible substrates for the internal backplane control-
ling the pixels 1s often desired. Such a flexible substrate can
provide a display with flexible characteristics. A flexible
substrate may also be easier to handle during fabrication and
provide a more mechanically robust display for the user.

Hence, there 1s a need for a process to provide at least one
thin film transistor that overcomes one or more of the
drawbacks 1dentified above.

SUMMARY

The present disclosure advances the art by providing at
least one TFD.

In particular, and by way of example only, according to an
embodiment, provided 1s a method of forming at least one
TFD, including: providing a substrate; providing a plurality
of parallel spaced electrically conductive strips upon the
substrate; depositing a plurality of thin film device layers
upon the conductive strips; providing a 3D structure upon
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the plurality of thin film device layers, the 3D structure
having a plurality of different heights; and etching the 3D
structure and plurality of thin film device layers to define a
TFD device disposed above at least a portion of the con-
ductive strips.

In yet another embodiment, provided 1s a TFD device,
including: a substrate; a gate provided by a plurality of
parallel spaced electrically conductive strips upon the sub-
strate; a channel disposed above the gate, the channel
transverse to the conductive strips; and a source electrode
and a drain electrode aligned to the channel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a high level flowchart of at least one method
embodiment;

FIG. 2 1s a perspective view of a substrate with a plurality
of parallel spaced conductive strips 1n accordance with an
embodiment;

FIG. 3 1s a perspective view of a plurality of thin film
device layers deposited upon the conductive strips of FIG. 2
1n accordance with an embodiment;

FIG. 4 15 a perspective view of a 3D structure provided
upon the stacked thin film device layers of FIG. 3
accordance with an embodiment;

FIG. 5 1s an enlarged perspective view of a portion of the
developing structure shown 1n FIG. 4, showing the exposed
conductive strips below the 3D structure in accordance with
an embodiment;

FIG. 6 1s a perspective view showing a conductive pad
provided upon the conductive strips shown i FIG. 5 1n
accordance with an embodiment;

FIG. 7 1s a perspective view 1llustrating an etching process
to reduce the height of the 3D structure and expose a second
area ol conductive strips 1n accordance with an embodiment;

FIG. 8 1s a perspective view 1llustrating an etching process
to provide cut off vias 1n accordance with an embodiment;

FIG. 9 1s a perspective view similar to FIG. 4 showing an
etching process to reduce the height of the 3D structure and
expose portions of the thin film device layers 1n accordance
with an embodiment:

FIG. 10 1s a perspective view showing an etching process
to remove portions of the exposed thin film device layers
shown 1n FIG. 9 1n accordance with an embodiment;

FIG. 11 1s a perspective view 1llustrating the advanta-
geous nature of the fabrication process to tolerate distortion
in accordance with an embodiment;

FIG. 12 1s a perspective view showing an etching process
to reduce the height of the 3D structure shown in FIG. 10
and expose portions of the thin film device layers in accor-
dance with an embodiment;

FIG. 13 1s a perspective view showing the established
channel provided by etching the structure as shown in FIG.
12 1n accordance with an embodiment;

FIG. 14 1s a perspective view of the established TFT
device 1n accordance with an embodiment;

FIG. 15 1s an enlarged partial cut away view of the
established TFT device in FIG. 14 1n accordance with an
embodiment;

FIG. 16 1s a side view cut away of the structure shown 1n
FIG. 15 1n accordance with an embodiment;

FIG. 17 provides graphical simulation data regarding the
performance of TFT devices with nano-gaps 1n the gate
conductor;

FIG. 18 1llustrates the gate to channel re-alignment prop-
erties of the TF'T device 1n accordance with an embodiment;
and
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FIG. 19 illustrates an active matrix of TFT devices 1n
accordance with an embodiment.

DETAILED DESCRIPTION

Before proceeding with the detailed description, 1t 1s to be
appreciated that the present teaching 1s by way of example,
not by limitation. Thus, although the mstrumentalities
described herein are for the convemence ol explanation
shown and described with respect to exemplary embodi-
ments of thin film devices (*ITFDs”) and specifically thin
film transistors (“TFTs”), 1t will be appreciated that the

principles herein may be applied equally 1n other types of
thin film devices (“I'FDs™).

In at least one embodiment, the method for forming at
least one TFTD incorporates Self-Aligned Imprint Lithog-
raphy (*“SAIL”), a recently developed technique for produc-
ing multilayer patterns on flexible substrates. The basics of
this process are set forth and described mm U.S. patent

application Ser. No. 10/104,5677, published as U.S. Patent
Publication No. 20040002216, the disclosure of which 1s
incorporated herein by reference.

The SAIL technique uses a 3D patterned resist and 1s
typically employed in roll-to-roll processing. As the 3D
resist 1s tlexible, the pattern will stretch or distort to the same
degree as the substrate. As such, a SAIL roll-to-roll fabri-
cation process may be employed to provide low cost manu-
facturing solutions for devices such as flat and/or flexible
displays, or other devices suitable for roll-to-roll processing.

Utilizing height differences in an imprinted 3D stamp or
other provided 3D structure, multi-level pattern information
1s provided and self-alignment maintained independent of
the 1nstability of a flexible substrate. It shall also be realized
that the disclosed method may be employed upon a non-
flexible substrate while remaining within the spirit and scope
of at least one embodiment.

Referring now to the drawings, FIG. 1 through FIG. 19
conceptually illustrate at least one embodiment of providing
a TFD, and more specifically a TEF'T with nano-gaps in the
gate. It will be appreciated that the described process need
not be performed 1n the order 1n which 1t 1s herein described,
but that this description 1s merely exemplary of at least one
preferred method of performing a SAIL process with pattern
reversal to form an active matrix of thin film devices. In
addition, 1t 1s understood and appreciated that the scale of
the components and features illustrated 1n the Figures has
been exaggerated to facilitate ease of discussion.

FIG. 1 1s a high-level flowchart of a method for reversing
the pattern 1n a SAIL process. As indicated 1 block 100, the
processes are generally commenced by providing a sub-
strate. In at least one embodiment, the substrate 1s flexible.
A plurality of parallel spaced conductive strips are then
provided upon the substrate, block 102. Upon the estab-
lished conductive strips, a plurality of thin film device layers

appropriate for the desired purpose of the eventual device
are deposited, block 104.

A 3D structure 1s then provided upon the stack of thin film
device layers, block 106. It 1s to be appreciated that under
the present method all thin film device layers are advanta-
geously deposited before etching i1s performed. As such,
deposition conditions for thin film layers are not limited by
material properties of the 3D structure.

As discussed below, the 3D structure in at least one
embodiment 1s formed from an imprint polymer. In addition,
the 3D structure has a plurality of different heights. As in
block 108, the 3D structure 1s etched to expose portions of
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the thin film layers. The exposed portions of the thin film
layers are then etched as well, block 110.

Etching of the 3D structure, block 108, and the exposed
portions of the thin film layers, block 110, 1s repeated so as
to define the desired components for the device, decision
112. More specifically, etching of the 3D structure and the
resulting exposed portions of the thin film layers 1s alter-
nated so as to provide a source electrode, a drain electrode,
and a channel. In addition, such etch processing serves to
ensure that the gate controller 1s aligned to the channel.

As the 3D structure 1s directly upon the thin film layers,
the varying levels of the structure provide alignment to
define device features without frustration from flexible dis-
tortion of the substrate, the stacked thin film layers and the
3D structure. In at least one embodiment, following the
formation of the desired components, the remaining 3D
structure 1s removed, block 114.

Turning to FIG. 2, provided 1s a more detailed illustration
of the mitial process described above. For purposes of
discussion, the fabrication of a bottom-gate thin film tran-
sistor (TF'T) will be used as an example. As shown 1n FIG.
2, there 1s shown a portion of a substrate 200 upon which are
provided a plurality of parallel spaced conductive strips 202.
Typically, the substrate 200 1s chemically cleaned to remove
any particulate matter, organic, ionic and/or metallic 1mpu-
rities or debris which may be present upon the surface of the
substrate 200 before the conductive strips 202 are provided.

In at least one embodiment, substrate 200 1s a flexible
substrate, such as, for example, a polyimide plastic sheet
with or without an 1mnorganic coating. Further, substrate 200
may be transparent. In at least one alternative embodiment,
substrate 200 1s both flexible and transparent, such as
polyethylene teraphathalate (PET).

Conductive strips 202 may be provided by any number of
different methods, such as, for example, depositing a metal
film upon the substrate 200 and performing 1mprint lithog-
raphy upon the metal film to define a plurality of parallel
conductive strips 202. Brietly stated, an imprint polymer 1s
used as a mask pattern for the conductive strips 202. The
residual imprint material and then the exposed portion of the
metal film are removed. The imprinted polymer 1s then
removed, resulting conductive strips ready for subsequent
device processing. In at least one embodiment, the conduc-
tive strips 202 are provided by such a method.

In an alternative embodiment, the parallel conductive
strips 202 may be provided by a lift-ofl method. Generally
summarized, imprint lithography 1s performed upon sub-
strate 200. The residual imprint material 1s removed and a
metal film 1s deposited upon the imprint structure and the
substrate 200. By removing the imprinted structure (1.e.
lifting-off the structure) the portion of the metal film upon
the imprinted structure and thus above the substrate 200 1s
removed, thus providing a plurality of conductive strips
upon the substrate 202. In the lift-off process the polymer
used for the imprint structure 1s 1n eflect used as a negative
mask pattern for the desired conductive strips 202.

As 1s further shown 1n the enlarged section bounded by
dotted line 204, 1n at least one embodiment the conductive
strips  (e.g., conductive strips 202A~202B) are evenly
spaced. In addition, 1 at least one embodiment the width
“Ws” of each conductive strip 202 1s at least equal to the
width “Wn” of the space, e.g., nano-gap 206, separating the
conductive strips 202A and 202B. In at least one embodi-
ment the width (Ws) of each conductive strip 202 1s between
about 1 to 5 um with the width (Wn) of each nano-gap 206
therebetween equal to or less than the width of each con-
ductive strip 202 (e.g., Ws=Wn). Specifically, in at lest one
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embodiment Ws 1s between about 1 to 5 uym and Wn 1s
between about 100 to 400 nm.

As shown 1n FIG. 3, a plurality of thin film layers are
deposited upon the conductive strips 202 as a stack 300. In
at least one embodiment, the stack 300 includes a dielectric
layer 302, a semiconductor layer 304 and a top metal layer
306. Under appropriate circumstances, a contact layer (such
as a doped semiconductor layer) may also be deposited so as
to lay between the semiconductor layer 304 and the top
metal layer 306. It 1s understood and appreciated that other
pluralities of thin film layers may be deposited 1n place of,
or 1n addition to the exemplary stack 300.

It 1s to be appreciated that the stack 300 of film layers does
not provide a conductive layer (e.g., a doped semiconductor
or metal layer) proximate to conductive strips 202, or more
specifically, below the semiconductor layer 304. For TFT
1400 as fabricated the gate electrode 1408 1s a segmented
gate electrode and no conductive element 1s disposed
between the gate electrode 1408 and the channel 1300.

Deposition of each material layer within stack 300 may be
accomplished by vacuum deposition, gravure coating, sput-
tering, roll-to-roll deposition equipment, spin casting, ion
beam deposition, electron beam evaporation, metal organic
deposition (MOD), chemical vapor deposition (CVD) or
such other method as 1s appropriate for the material being
deposited. It 1s understood and appreciated that each mate-
rial layer within stack 300 1s deposited umiformly. Further,
although each thin film layer within the stack 300 has been
illustrated as a single layer, each may 1n actuality be estab-
lished from multiple layers. Each thin film layer has been
illustrated as a single layer for ease of discussion and
illustration.

In at least one embodiment, the stack 300 of thin film
layers 1s a stack of Silicon Nitride, Amorphous Silicon, N+
doped microcrystalline or amorphous Silicon and Alumi-
num. In embodiments where substrate 200 1s transparent,
and the resulting device 1s intended to be transparent or
semi-transparent as well, transparent conductive matenals
such as Indium Tin Oxide may be used. Other transparent
conductive and semiconductor materials may also be used,
such as, for example, ZnO as well as certain organic and
doped semiconductor materials. Transparent dielectrics such
as, for example, SIN or AL,O; may also be used.

Shown 1 FIG. 4, a 3D structure 400 having a plurality of
different vertical heights 1s provided upon stack 300. In at
least one embodiment, a polymer, such as an imprint poly-
mer or resist, 1s deposited upon the stack 300 and then
imprinted by a stamping tool to provide 3D structure 400.
The resist or polymer may incorporate any of a variety of
commercially available polymers. For example, a polymer
from the Norland optical adhesives (NOA) family of poly-
mers could be used. A silicone material may also be used as
1s described in U.S. patent application Ser. No. 10/641,213
entitled “A Silicone Flastomer Matenal for High-Resolution
Lithography”, which 1s herein incorporated by reference.

A method for utilizing a stamping tool to generate a 3D
structure 1n a layer of material 1s described i U.S. patent
application Ser. No. 10/184,587 enftitled “A Method and
System for Forming a Semiconductor Device”, which 1s
herein incorporated by reference. A stamping tool 1s Turther
described 1n U.S. patent application Ser. No. 10/903,300
entitled “Imprint Stamp”, which 1s herein incorporated by
reference. With further respect to roll-to-roll processing
where substrate 200 may be of arbitrary size, yet another
method for providing a 3D structure 400 1s described in U.S.
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Resolution Three-Dimension Imprint Pattern on a Compli-
ant Media of Arbitrary Size”, which 1s also herein 1incorpo-
rated by reference.

Generally speaking, when employing a stamp and poly-
mer, a stamping tool 1s brought into contact with the
polymer, thereby displacing the polymer layer into the 3D
pattern provided by the stamping tool. Typically, the dis-
placed polymer 1s then cured, such as by UV light exposure,
or any other suitable curing means.

It 1s Turther understood and appreciated, that 3D structure
1s described as having different vertical heights, the dimen-
sion ol reference being normal to the substrate 200. As
shown, 1n at least one embodiment, 3D structure 400 pro-
vides five levels of substantially different vertical heights,
levels 0, 1, 2, 3 and 4. The source and drain electrodes will
ultimately be defined in part by level 4 and the channel by
level 3. The gate electrode will be defined by levels 0 and 1,
and level 2 will establish device 1solation. Under appropriate
circumstances 3D structure 400 may be provided with
greater or fewer vertical heights so as to provide different
thin film devices separate from or in connection with the
TFT as exampled herein.

FIG. 5 1s an enlarged area corresponding generally to the
area 1n FIG. 4 bounded by dotted line 402. As shown 1n FIG.
5, 3D structure 400 1s then etched to effectively remove the
structure material from the first lowest level, e.g., level 0,
thereby establishing aperture 500. Aperture 500 exposes the
topmost layer of stack 300. Etching i1s continued with
appropriate etchants to remove successive layers from stack
300 and expose the conductive strips 202, specifically a first
portion of conductive strips 502 lying beneath aperture 500.
In at least one embodiment, the etching 1s accomplished by
a reactive 1on etching process (RIE).

It 1s generally understood that an 10n etching process may
be accomplished by either of two traditional processes—a
physical process or an assisted physical process. In a physi-
cal etching environment, no chemical agent 1s provided.
Rather, the removal of material 1s entirely dependent upon
the physical impact of the 1ons knocking atoms off the
material surface by physical force alone. Physical 10n etch-
ing 1s commonly referred to as 1on milling or 1on beam
ctching. Physical 1on etching 1s also typically referred to as
a dry process. A physical etching process 1s typically very
anisotropic.

In an assisted physical process such as a reactive ion
ctching (RIE) process, removal of material comes as a
combined result of chemaical reactions and physical impact.
Generally, the 10ons are accelerated by a voltage applied 1n a
vacuum. The eflect of their impact 1s aided by the introduc-
tion of a chemical which reacts with the surface being
etched. In other words, the reaction attacks and removes the
exposed surface layers of the material being etched.

The reactive 1on etching process may have a high selec-
tivity of etching one material over other maternials. For
example, oxygen plasma may have a high etch selectivity of
polymer over silicon or metal matenals. In other words, an
RIE process advantageously permits accurate etching of one
or more matenial layers with little appreciable effect upon
other material layers. Moreover, RIE permits selective etch-
ing to remove specific layers (e.g., dielectric layer 302,
semiconductor layer 304 and top metal layer 306) so as to
expose the first portion of conductive strips 302. Further, the
removal of these specific layers 1s substantially limited to the
area defined by 3D structure 400 at level 0.

FIG. 6 1illustrates a conductive pad 600 that i1s provided
upon the exposed first portion of conductive strips 502
shown 1n FIG. 5. In at least one embodiment, conductive pad
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600 serves as a bridge conductor, bridging between conduc-
tive strips 502 so as to msure that each of the conductive
strips 502 passing beneath 3D structure 400 level 3, defining
the channel, are at substantially about the same voltage. As
will be further discussed and describe below, conductive pad
600 also serves 1n part to mnsure proper alignment of the gate
control (conductive strips 502) to the channel.

Conductive pad 600 may be provided by a number of
different techniques. In the case of at least one embodiment,
where the conductive strips 202 are fabricated from a
material containing chrome, the chrome may be used as a
seed layer 1n a electroplating or electroless plating operation.
As the first portion of conductive strips 302 are only exposed
in aperture 500, occurring where the 1nitial 3D structure 400
level was 0, the formation of a conductive pad 600 1s limited
to the desired area.

In at least one alternative embodiment, conductive pad
600 15 provided with the use of an 1nk-jet device providing
a semi-fluid conductive material to aperture 500. A fabrica-
tion process mcorporating such a device and applicable for
roll-to-roll fabrication processes 1s set forth 1n U.S. patent
application Ser. No. 11/062,384 entitled “A Method For
Forming an Electronic Device”, which 1s heremn incorpo-
rated by reference.

With respect to FIG. 7, the height of 3D structure 400 1s
reduced by the height of one level. In at least one embodi-
ment, such a reduction in height 1s accomplished by etching,
represented by arrows 710, thus reducing all remaining
levels by a uniform amount. In other words, the 3D structure
400 1s etched to remove the second lowest layer, e.g., level
1. Removal of the polymer material at level 1 creates
apertures 700, 702 that expose stack 300. As with aperture
500, etching processes are continued to expose at least one
second portion of conductive strips 704, 706. The use of
selective etchant 1n an RIE process permits selectively
ctching substantially only the materials desired.

As 1llustrated 1n FIG. 8, the exposed second portions of
conductive strips 704, 706 are severed. In at least one
embodiment, this 1s accomplished by performing a further
RIE process, as 1llustrated by arrows 800. Where conductive
strips 202, and specifically second portions of conductive
strips 704, 706 are formed from chrome material, the
exposed second portions of conductive strips 704, 706 may
be etched 1n a Cr etchant such as CR-7s made by Cyantek.

In other words, as the etchant 1s selective for the matenal
forming the conductive strips 202, the exposed second
portions of conductive strips 704, 706 are removed while the
other materials are not significantly etched or otherwise
removed as the etching, represented by arrows 800, 1s
performed across the surface. Cut-oil vias 802, 804 are thus
established adjacent to the conductive strips below conduc-
tive pad 600, and more specifically, the conductive strips that
run beneath 3D structure 400 level 3', the area that waill
ultimately define the channel of the TFT device.

FIGS. 9 and 10 return to the perspective view showing a
greater portion of the developing TFT device. As indicated
in FIG. 9, the height of 3D structure 400 1s again reduced by
a height of one level. In at least one embodiment, such a
reduction 1n height 1s accomplished by etching, shown as
arrows 900, thus reducing all remaining levels by a uniform
amount. Moreover, the 3D structure 400 1s etched to remove
the third lowest level. 3D structure 400 now remains at
levels 3" and 4", while the remaining material at level 2' had
been removed, thus exposing the top of stack 300. As
illustrated, areas of top metal layer 306 are now exposed.

As m FIG. 10, an RIE process 1s again performed,
illustrated as arrows 1000, to substantially remove the
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exposed portions of top metal layer 306. The remaining 3D
structure 400 at levels 3" and 4" serve to define areas of top
metal layer 306 that will eventually serve as the source
electrode, drain electrode and data line.

Traditional lithographic processes such as photolithogra-
phy ivolve the deposition of a layer, subsequent 2-D
masking, and etching, and cannot tolerate substrate distor-
tion without undermiming the functionality of the intend
device. FIG. 11 1llustrates the highly advantageous nature of
the SAIL process to eflectively provide alignment with
respect to each level of the 3D structure, the stack 300 of thin
film layers, and the substrate, without respect to distortions.

As 1n FIG. 12, the height of 3D structure 400 1s again
reduced by a height of one level. In at least one embodiment,
such a reduction in height 1s accomplished by etching,
shown as arrows 1200, thus reducing all remaining levels by
a uniform amount. Moreover, the 3D structure 400 1s etched
to remove the fourth lowest level. As such, stack 300 1s
exposed above, and 1n line with, the first portion of conduc-
tive strips passing beneath conductive pad 600 and bounded
by cut off vias 800, 802.

The remaining portion of 3D structure 400 1s now only
4", which continues to protect and define the portions of top
metal layer 306 that will form the source and drain elec-
trodes. As level 3" has been removed, top metal layer 306 1s
exposed 1n an area that will provide the channel.

In FIG. 13, exposed portion of the top metal layer 306 of
stack 300 has been removed to establish channel 1300. In
addition, 1n at least one embodiment, the exposed portions of
other stack layers (e.g., semiconductor layer 304) have been
removed to expose portions of dielectric layer 302. Where
RIE processes are mvolved, typically the semiconductor
layer 304 1s etched betfore the exposed top metal layer 306
1s etched, the exposed portion of top metal layer 306 serving
to protect and define the portion of semiconductor layer 304
that will define channel 1300.

As shown in FIG. 14, the remaining portions of 3D
structure 400 may be removed. A bottom-gate TF'T 1400
with nano-gaps in the gate electrode may now be fully
appreciated. As shown there 1s a source electrode 1402, a
drain electrode 1404, a data line 1406 joined to the source
clectrode 1402, a channel 1300, and a gate (illustrated as a
dotted line 1408) disposed below the channel 1300.

The arrangement of the source, drain, channel and gate, as
composed of conductive strips 202, may be more fully
appreciated in the enlarged partial cutaway portion pre-
sented 1 FIG. 15, and plane midsection view presented 1n
FIG. 16. As shown, gate 1408 1s provided by a plurality of
parallel spaced electrically conductive strips 202 upon sub-
strate 200. More specifically, channel 1300 1s disposed
above at least a portion of the conductive strips 202.

As shown, the channel 1300 1s disposed above the first
plurality of conductive strips 502. In addition, and as 1s
clearly illustrated 1n FIG. 16, no conductive element such as
for example a doped semiconductor or metal layer 1s dis-
posed between the segmented gate 1408 provided by the first
plurality of conductive strips 502 and channel 1300. The
channel 1406 1s also substantially transverse to the conduc-
tive strips 202. Cut-off vias 800, 802 are aligned with the
edges of the channel 1300 (not shown 1n FIG. 16).

As the physical structure of the TFT 1400 1s established
by the 3D contour of 3D structure 400 provided by an
imprinting process, there 1s minimal overlap between the
source/drain electrodes 1402, 1404 and the gate 1408. More
specifically, i at least one embodiment, there 1s no appre-
ciable overlap between the source, drain and gate electrodes

1402, 1404, 1408.
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Moreover, the alignment of the source, drain and gate
clectrodes 1402, 1404, 1408 1s established very early on 1n
the fabrication process and i1s not subject to skew or later
misalignment as occurs with traditional lithographic pro-
cesses. As such, TFT 1400 advantageously mimimizes para-
sific capacitance.

In a typical TFT, the gate electrode 1s a solid conductor,
a structure that may be viewed as having no nano-gaps. The
channel current 1s controlled by both the vertical (perpen-
dicular to the channel surface) as well as the lateral
(source—drain direction) electrical field. For an n-channel
TFT, when a positive voltage 1s applied to the gate electrode,
there 1s an electrical field in the vertical direction established
in the channel.

The vertical field induces electron carriers accumulated in
the channel. The amount of induced charges 1s proportional
to the strength of the vertical field. The channel current 1s
related to the amount of induced charges in the channel and
the lateral field. FIG. 17 illustrates simulation results of the
field strength of the vertical component for three different
gate electrodes: (A) a solid electrode; (B) a gate electrode
consisting of ten segments with three hundred nm width and
three hundred nm nano-gap spacing therebetween; and (C)
a gate electrode consisting of five segments with nine
hundred nm width and three hundred nm nano-gap spacing,
therebetween.

When working with two parallel conductors, the field
strength of the vertical component 1s uniform in the middle
portion. The field strength at the edge (e.g., the iringe
field/edge field eflect) of the parallel conductors 1s generally
about half of what 1s present in the middle portion. When the
gate conductor 1s subdivided into smaller elements coopera-
tively acting as a larger gate electrode, there 1s a reduction
of the field strength depending upon the ratio of conductive
strip width and the width of the nano-gaps for a given
dielectric thickness.

As a direct result of the nano-gap gate configuration, there
will be less charge accumulation resulting 1n less device
on-current. Therefore, compared with a conventional TFT,
the source drain current will be reduced by the proportion of
the total accumulated width of the nano-gaps versus the total
accumulated width of the conductive strips providing the
gate electrode. However, 11 the ratio between the width of the
conductive strips and the nano-gaps 1s large enough, the
current reduction can be insignificant for device pertor-
mance. More specifically, this reduction can be compensated
for by increasing the channel width to supply the current
required by the application intended for the device.

As 1n the fabrication process shown and described above
with respect to FIGS. 1~14, and the fabricated device shown
in FIGS. 14~16, 18 and 19, it 1s to be understood and
appreciated that there 1s no conductive element such as a
doped semiconductor or metal conductor coupled to the
channel above the segmented gate electrode. Moreover,
there 1s no additional conductive element disposed 1n ver-
tical alignment between the segmented gate 1408 and chan-
nel 1300 (see FIG. 16). TFT 1400 1s therefore structurally
different from multi-gate transistors as they employ a con-
ductive element coupled to the channel that spans the
multi-gate elements.

Moreover, TFT 1400 relies on iringe field and carrier
diffusion to allow the electric carriers 1n the channel to
conduct across the gap. This 1s functionally different from a
multi-gate transistor as a traditional multi-gate transistor
relies on connecting the source of one transistor the drain of
a neighboring transistor to establish the channel current.
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Moreover a multi-gate transistor typically functions as a
series of smaller, single. gate transistors cooperatively work-
ing as a collective whole.

As stated above, 1n at least one embodiment, the
assembled TFT 1400, and more specifically the array of
assembled TFT devices, are flexible. Use of individual
conductive strips may further facilitate ease of tlexibility. As
the conductive strips are provided before the stack of thin
film layers and 3D structure are provided, as discussed
above, these 1s a possibility for the skew between the
conductive strips providing the gate control and the channel.

FIG. 18 1illustrates the advantageous re-alignment prop-
erties mherent to TFT 1400. More specifically, FIG. 18 1s a
partial top view showing a plurality of conductive strips
1800, substantially identical to those conductive strips dis-

cussed and described above. Formed upon the conductive
strips are two TFT devices, 1802A, 1802B. With respect to

TFT device 1802A, a drain electrode 1804A and source
clectrode 1806A are aligned to a channel 1808A. Conduc-
tive pad 1810A commonly connects a subset 1812 of con-
ductive strips that are aligned to pass beneath channel
1808A. Cut-off vias 1814A, 1816A are aligned to channel

1808A and thus interrupt the conductive strips 1800 on
either side of channel 1808A.

As 1llustrated, the conductive strips 1800 are not 90
degree transverse to the channels 1808A, 1808B. The skew
has been exaggerated for ease of illustration and discussion.
As shown, conductive strip 1820 1s a member of subset
1812, running beneath conductive pad 1810A. As illustrated
by dotted line 1822, conductive strip 1820, if un-interrupted,
would pass just to the right of channel 1808 A, and would be
significantly under drain 1804B——conditions that would
result 1n significant parasitic capacitance. Cut off via 1816 A
prevents this from occurring.

Moreover, subset 1812, although acceptable to channel
1808A, 1s not acceptable to channel 1808B. Conductive pad
1810B and vias 1814B, 1816B serve to realign each gate
control to each channel. In other words, the gate control
provided by subset 1812 for channel 1808A i1s shifted
slightly to subset 1824 as an aligned gate control for channel
1808B.

With respect to FIG. 18, it 1s also to be appreciated that
conductive pad 1810A 1s at least as wide as channel 1808 A,
and may be wider. As shown, cut-ofl vias 1814A, 1816A
insure that a gate control of proper width 1s provided beneath
channel 1808A. Although skew may permit some instance
of overlap and/or gap which may generate parasitic capaci-
tance, such overlap and/or gap 1s advantageously limited to
one conductive strip 1800 on either side of the channel
1808A. Thus, 1n the event of a gap and/or overlap, the
parasitic capacitance 1s advantageously minimized.

Moreover, the use of the parallel spaced conductive strips
to provide the gate conductor and a SAIL process to define
the overall structure and relationship between components
of TFT 1400 permits the fabrication of TFTs on a smaller
scale then 1s possible with traditional photo-lithographic
techniques. With respect to the exampled TFT 1400, such
high resolution permits the establishment of a high quality
channel. Channel length and uniformity are important fac-
tors 1n determining TFT performance.

In at least one embodiment, the method of forming at least
one TFT 1400 with nano-gaps in the gate electrode 1is
performed as a roll-to-roll process, also referred to as web
processing. In roll-to-roll processing, the substrate 200 (and
resulting layered structure) may be several meters wide and
several meters long. Roll-to-roll process 1s therefore an
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advantageous method when fabricating large devices such as
backplanes for video displays.

FI1G. 19 illustrates an embodiment providing a plurality of
TFTs 1400. Specifically a plurality of gate controls 1900 are
dispersed upon the substrate 200 (not specifically shown),
cach gate control 1900 provided by parallel spaced electri-
cally conductive strips as shown and described above. A
plurality of channels 1902 are also provided, each disposed
upon a gate control 1900 transverse to the conductive strips.
A plurality of electrically 1solated data lines 1904 are also
provided, each data line 1904 electrically coupled to at least
one channel 1902. A plurality of individually bounded
clectrodes 1906 are also present, each bounded electrode

1906 being coupled to a channel 1902 opposite from a data
line 1904.

Such a configuration provides an active matrix array
1908, wherein a specific bounded electrode 1906 may be
addressed by powering a selected gate control 1900 of at
least one conductive strip of the corresponding TEF'T 1400
and providing electrical signal at corresponding data line
1904. Conductive pad 600 and cut-ofl vias 802 and 804
associated with the selected TF'T device 1400 ensure proper
alignment of the gate control to the channel 1902 of the

desired TFT device 1400.

Such an active matrix array, and specifically the bounded
clectrodes 1906, may be used as pixel electrodes 1n a display
screen. More specifically, a plurality of TFTs may be pro-
vided as an active matrix backplane for a display screen. In
such embodiments, the TFTs control the display pixels (at
least one TFT per pixel). It 1s understood and appreciated
that, with respect to the viewer, the pixels may be in front of
the backplane and thus facing the viewer, or behind the
transparent backplane and thus shining through the back-
plane to reach the viewer.

With large pixels or small pixels, 1t 1s possible to achieve
transparent or semi-transparent display screens via the use of
transparent materials discussed above. Depending upon the
thickness of the etched stack 300 of thin film layers, to some
extent, TFTs made with common materials such as Al, Au,
Cu, S1, SiN, Cr or the like may also be used to provide TFTs
and matrix conductors of sufliciently small and thin size so
as not to be visually obvious or intrusive. In other words, the
TFTs may be designed to have small enough thicknesses and
small enough widths and intervening aperture spacing
between components that they are nearly transparent and/or
the loss of light due to absorption 1s minimal.

Moreover, a transparent TF'T may be provided by utilizing
transparent materials, by providing devices of such minute
scale and with intervening aperture spacing, or by combin-
ing both transparent materials with a minute scale. The
ability to provide a matrix of high quality TFTs as transpar-
ent or semi-transparent backplane displays may be highly
desirable 1n the fabrication of video displays. For example,
heads-up displays as might be used to display navigation
information on the windshield of a vehicle (car, aircraft,
submarine, etc. . . . ) may advantageously be easily fabri-
cated.

Changes may be made 1n the above methods, systems and
structures without departing from the scope thereof. It
should thus be noted that the matter contained 1n the above
description and/or shown in the accompanying drawings
should be interpreted as illustrative and not 1 a limiting
sense. The following claims address all generic and specific
features described herein, as well as all statements of the
scope of the present method, system and structure which, as
a matter of language, might be said to fall therebetween.
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What 1s claimed 1s:

1. A method of forming at least one TFD device, com-
prising:
providing a substrate;

providing a plurality of parallel spaced electrically con-
ductive strips upon the substrate;

depositing a plurality of thin film device layers upon the
conductive strips;

providing a 3D structure upon the plurality of thin film
device layers, the 3D structure having a plurality of
different heights; and

ctching the 3D structure and plurality of thin film device
layers to define a TFD device disposed above at least a
portion of the conductive strips, a plurality of the
portion ol conductive strips collectively providing a
segmented electrode.

2. The method of claim 1, wherein the TFD device 1s a
TFT device having a source electrode, a drain electrode, and
a channel disposed above at least a portion of the conductive
strips providing a segmented gate electrode, wherein a
conductor 1s not coupled to the channel above the segmented
gate electrode.

3. The method of claim 1, wherein each TFD incorporates
at least two conductive strips as a segmented electrode.

4. The method of claim 1, wherein each TFD incorporates
at least two conductive strips providing a nano-gap elec-
trode.

5. A method of forming at least one TFD device, com-
prising:
providing a substrate;

providing a plurality of parallel spaced electrically con-
ductive strips upon the substrate;

depositing a plurality of thin film device layers upon the
conductive strips;

providing a 3D structure upon the plurality of thin film
device layers, the 3D structure having a plurality of
different heights; and

ctching the 3D structure and plurality of thin film device
layers to define at least a source electrode, a drain
clectrode, and a channel disposed above at least a
portion of the conductive strips, a plurality of the
portion of conductive strips collectively providing a
segmented gate electrode.

6. The method of claim 5, wherein each conductive strip
has a width at least equal to the spacing between the
conductive strips.

7. The method of claim 5, further including providing a
conductive pad upon at least a portion of the conductive
strips, the conductive pad disposed between and separate
from the source electrode and drain electrode.

8. The method of claim 7, further including establishing
- vias adjacent to the conductive strips disposed

cutofl
beneath the channel.

9. The method of claim 8, wherein the cutofl vias of a
second TFD realign the segmented gate electrode to passing,
beneath the channel of a first TFD to the channel of the
second TFD.

10. The method of claim 5, wherein a conductor 1s not
coupled to the channel above the segmented gate electrode
provided by the portion of conductive strips.

11. The method of claim 5, wherein each conductive strip
has a width of about one to three um and a height about
between one hundred to three hundred nm.
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12. The method of claim 5, wherein the conductive strips
are provided by:

depositing a metal film upon the substrate; and

performing imprint lithography upon the metal film to

define a plurality of parallel evenly spaced conductive
strips, the conductive strips being about identical.

13. The method of claim 5, wherein the 3D template
provides a first level defining gate line connection, a second
level for cutting conductive strips on either side of the
channel, a third level for establishing the source electrode
and the drain electrode, and a fourth level for the establish-
ing the channel.

14. The method of claim 5, wherein the thin film device
layers include:

a dielectric layer;

a semiconductor layer upon the dielectric layer; and

a top metal layer upon the semiconductor layer.

15. The method of claim 14, further including a doped
semiconductor layer between the top metal layer and the
semiconductor layer.

16. The method of claim 5, wherein the method provides
a plurality of thin film devices 1n an array as an active matrix
backplane.

17. The method of claim 5, wherein the substrate 1is
flexible.

18. The method of claim 5, wherein each TFD incorpo-
rates at least two conductive strips as a segmented electrode.

19. The method of claim 5, wherein each TFD 1ncorpo-
rates at least two conductive strips providing a nano-gap
clectrode.

20. A method of forming at least one TFD device,
comprising;

providing a substrate;

providing a plurality of parallel spaced conductive strips

upon the substrate;

depositing a plurality of thin film device layers, upon the

conductive strips;

providing a 3D structure upon the plurality of thin film

device layers, the 3D structure providing at least four
substantially diflerent vertical levels;

ctching the 3D structure to remove the lowest vertical

level and expose at least a first portion of conductive
strips;

providing a conductive pad upon the exposed first portion

of conductive strip, the conductive pad enabling the
first portion of conductive strips as a segmented elec-
trode;
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ctching the 3D structure to remove the second lowest
vertical level and expose at least a second portion of
conductive strips adjacent to and oflset from the first

portion of conductive strips;

removing the exposed second portion of conductive
Strips;

ctching the 3D structure to remove the third lowest
vertical level and expose a portion of the thin film
layers;

ctching the exposed portion of the thin film layers to
remove the exposed portions of the thin film layers;

ctching the 3D structure to remove the fourth lowest
vertical level and expose a portion of the thin film
layers disposed above the first portion of conductive
Strips;

etching the exposed portion of the thin film layers to

provide a channel above the first portion of conductive
strips providing the segmented electrode; and

removing the remaining 3D structure to provide a source
electrode and a drain electrode aligned to the channel.

21. The method of claim 20, wherein each conductive
strip has a width greater than the spacing between the
conductive strips.

22. The method of claam 20, wheremn providing the
conductive pad upon the first portion of conductive strips
and removing the exposed second portion of conductive
strips aligns the first portion of conductive strips to the
channel.

23. The method of claim 20, wherein the plurality of thin

film layers includes at least a dielectric layer, a semicon-
ductor layer and a top metal layer.

24. The method of claim 20, wherein a conductor 1s not
coupled to the channel above the segmented gate electrode
provided by the first portion of conductive strips.

25. The method of claim 20, wherein each TFD 1ncorpo-
rates at least two conductive strips as a segmented electrode.

26. The method of claim 20, wherein each TFD 1ncorpo-
rates at least two conductive strips providing a nano-gap
clectrode.
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